IMAGE FORMING APPARATUS, IMAGE TRANSFERRING DEVICE AND 
RECORDING MEDIUM CONVEYING METHOD 



BACKGROUND OF THE INVENTION 

The present i nvent ion re I ates to a copier, facs imi I e apparatus, 
printer or simi lar image forming apparatus, a device for transferring 
a color image from an intermed i ate transfer body to a recording med i urn, 
and a method of conveying a recording medium to a transfer region where 
a color image is to be transferred from an image carrier to the 
recording medium. 

One of conventional image forming apparatuses includes an 
image carrier and an elastic transfer member contacting the image 
carrier and forming a nip or transfer region between it and the image 
carrier. A bias for image transfer is applied tp the nip in order 
to transfer a color image electrostatically carried on the image 
carrier to a paper sheet or simi lar recording medium. A gap exists 
between the image carrier and the transfer member at each of the 
upstream side and downstream side in a direction in which the 
recording medium is conveyed (direction of conveyance hereinafter). 
The bias for image transfer forms electric fields in such gaps also. 

Assume that a paper sheet is present in the gap at the upstream 
side in the direction of transfer and spaced from the image carrier. 
Then, the e I ectr i c f i e I d f ormed i n the gap causes a co I or image formed 
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on the image carrier to fly toward the paper sheet, resulting in 
so-cal led pretransfer. Let the region where the pretransfer occurs 
be referred to as a pretransfer region. Toner is scattered around 
an expected image as a result of the pretransfer. This problem arises 
5 not only in an image forming apparatus of the type pressing a paper 
sheet against an image carrier from the side of the paper sheet 
opposite to the image transfer side, but also in an image forming 
apparatus of the type effecting image transfer by causing the image 
transfer side of a paper sheet to contact an image carrier. The 
10 latter type of image forming apparatus may be one in which a transfer 
charger charges a paper sheet from the side of the paper sheet opposite 
to the image transfer side in order to form an el ectr ic field for image 
transfer. 

It is a common practice with a full-color copier or similar 
15 ful l-color image forming apparatus to transfer a toner image or color 
image from a photoconduct i ve element to an intermediate transfer body 
(primary transfer) and then to a paper sheet being conveyed in close 
contact with the intermediate transfer body (secondary transfer). 
In this case, the scattering of toner ascribable to the pretransfer 
20 blurs the toner image on the paper sheet. 

Presumably, a paper sheet parts from the image carrier in the 
pretransfer region due to the fol lowing two different causes. One 
causes relates to the curvature of the image carrier in the transfer 
region whi le the other cause relates to a manner in which guide members 
25 guide a paper sheet toward the nip. as wi I I be described specif ica I ly 
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later with reference to the accompanying drawings. 

Japanese Patent La id-Open Pub I i cat ion No. 6-3974 discloses an 
image forming apparatus including a countermeasure against the 
scattering of toner to occur in the pretransfer region. The image 
5 forming apparatus includes a transfer member for electrostatically 
transferring a toner image from an image carrier to a paper sheet. 
The transfer member and image carrier form a nip therebetween. An 
upper or first guide member and a lower or second guide member 
cooperate to guide a paper sheet to a transfer position. The ends 

10 of the upper and lower guide members positioned at the most downstream 
side in the direction of conveyance are located on or above a line 
tangential to the image carr ier at the most upstream point of the nip. 
Further, the angle between the guide surface of each of the two guide 
members and the horizontal is selected to be smal ler than the angle 

15 between the above tangential line and the horizontal. 

The upper and lower guide members, sat i sf y i ng the above- 
described conditions, a I low a paper sheet to enter the nip in contact 
with the image carrier. The document teaches that a gap causative 
of the pretransfer does not exist between the image carrier and the 

20 paper sheet in the pretransfer region. The paper sheet, in 
accordance with the document, contacts the image carrier and then 
enters the nip, i.e., it does not directly enter the nip. However, 
the point of the i mage car r i er that the leading edge of the paper sheet 
contacts is dependent on the degree of f lexibi I ity of the paper sheet. 

25 If the distance between the above point of the image carrier and the 



inlet of the nip is excessively great, the paper sheet noticeably 
bends due to a difference in conveying speed between a registration 
rol ler pair and the transfer member. The bend of the paper sheet is 
apt to occur in the pretransfer region. It is therefore I ike I y that 
the paper sheet parts from an intermediate transfer belt in the 
pretransfer region. 

Technologies relating to the present invention are also 
disclosed in, e.g., Japanese Patent La id-Open Publication Nos. 5- 
46031, 5-61365, 5-341670, 10-39648 and 2000-75676. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an image forming apparatus, an image transferring device and a 
recording medium conveying method capable of obviating pretransfer 
by maintaining a recording medium in close contact with an image 
carrier in a pretransfer region and thereby insuring attractive 
images free from the scattering of toner. 

In accordance with the present invention, an image forming 
apparatus includes an image carrier for carry i ng a co I or image thereon. 
An elastic transfer member contacts the image carrier to thereby form 
a nip for electrostatically transferring the color image from the 
image carrier to a recording medium, and causes the record i ng med i urn 
being conveyed toward the nip to contact the image carrier and then 
enter the n i p. A f i rst gu i de member gu i des one s i de of the record i ng 
medium expected to receive the color image to the nip. The first 



guide includes, in a portion thereof contacting the recording medium 
other than the leading and trailing edges of the medium in the 
d i rect i on of conveyance wh i I e gu i d i ng the med i urn, a f i rst rest r i ct i on 
point located at the most downstream side in the above direction. A 
second guide member guides the other side of the recording medium to 
the nip. The second guide member includes, in a portion thereof 
contacting the recording medium other than the leading and trai I ing 
edges of the medium in the direction of conveyance whi le guiding the 
med i urn, a second restr i ct i on po i nt 1 ocated at the most downstream s i de 
i n the d i rect i on of conveyance and downstream of the f i rst restr i ct i on 
point. The first and second guide members are positioned such that 
the f i rst restr iction point is positioned at the opposite side to the 
image carrier with respect to a reference I ine connecting the second 
restriction point and the upstream end of the nip in the direction 
of conveyance. 

Also, in accordance with the present invention, in a method 
of conveying a recording medium, to which a color image is to be 
electrostatically transferred from an image carrier, to a nip for 
image transfer formed between the image carrier and an elastic 
transfer member such that the medium contacts the image carrier and 
then enters the nip, the medium is conveyed while being restricted 
such that the most downstream point of a restricting portion, which 
restricts the image transfer side of the medium, other than opposite 
ends i n the d i rect i on of conveyance i s pos i t i oned at the oppos i te s i de 
to the image carrier with respect to a reference line connect i ng the 
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most downstream point of a restricting portion, which restricts the 
other side of the medium, other than opposite ends in the direction 
of conveyance and the upstream end of the nip in the above direction. 

Further, in accordance with the present invention, an image 
5 forming apparatus includes an i ntermed i ate transfer body for carry ing 
a color image thereon. A transferring device conveys a recording 
medium while causing it to bend and move along a part of the 
intermediate transfer body positioned at the upstream side in a 
direction of conveyance in a transfer region, in which a color image 
10 formed on the i ntermed i ate transfer body i s transfer red to the med i urn. 
A contact assisting member is positioned upstream of the transfer 
region in the direction of conveyance for maintaining the recording 
medium and intermediate transfer body in close contact with each 
other. 

15 Moreover, in accordance with the present invention, in an 

image transferring device for transferring a color image formed on 
an intermediate transfer body to a recording medium being conveyed 
by being warped such that the medium moves along part of the 
intermediate transfer body positioned upstream of a transfer region 

20 i n a d i rect i on of conveyance, a contact ass i st i ng member i s pos i t i oned 
upstream of the transf er reg i on i n the above d i rect i on and conf i gured 
to ma i nta i n the med i urn and i ntermed i ate transfer body i n c I ose contact 
with each other. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 

present invention will become more apparent from the following 

detai led description taken with the accompanying drawings in which: 
FIG. 1 is a view showing part of a conventional full-color 

image forming apparatus of the type including an intermediate 

transfer unit; 

FIG. 2 is a view showing the arrangement of a first and a second 
guide member included in the apparatus of FIG. 1; 

FIG. 3 is a view showing a first embodiment of the image forming 
apparatus in accordance with the present invention; 

FIG. 4 is a view showing part of the first embodiment around 
a nip for image transfer; 

FIG. 5 is an enlarged view of the nip shown in FIG. 4; 

FIG. 6 is a view showing a second embodiment of the image 
forming apparatus in accordance with the present invention; 

FIG. 7 is an enlarged view showing part of the second 
embodiment including a contact assisting member; 

FIG. 8 is a view showing a modification of the contact 
assisting member of FIG. 7 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
To better understand the present invention, the previously 
mentioned two causes of separation of a paper sheet from an image 
carrier in a pretransfer region will be described specifically. 
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The first cause relates to the curvature of an image carrier 
i n a transfer region. Thi s wi I I be descr ibed with reference to FIG. 
1 showing a secondary transfer region included in a conventional 
ful I -co I or image forming apparatus of the type using an intermediate 
transfer unit. As shown, an intermediate transfer be hit or image 
carrier (simply belt hereinafter) 6 and a transfer rol ler or elastic 
transfer member 21 form a nip E for promoting accurate image transfer. 
The be 1 1 6 i nc I udes a f I at port i on 6a and a curved port i on 6b. A paper 
sheet or similar recording medium 100 is conveyed by a registration 
roller pair, not shown, along a guide 22. The leading edge of the 
paper sheet 1 00 f i r st contacts the f I at port i on 6a of the be It 6. The 
paper sheet 100 is then conveyed along the belt 6 to the nip E. The 
paper sheet 100 being so conveyed warps upward at the upstream side 
in the direction of paper conveyance, as i I lustrated. The belt 100 
is therefore brought into close contact with the belt 6. 

A counter roller 7c, facing the elastic transfer roller 21, 
causes the belt 6 to curve around the nip E, as illustrated. To 
maintain the close contact of the paper sheet 100 with the curved 
portion 6b of the belt 6 in the above condition, it is necessary to 
cause the paper sheet 100 to curve comp lementar i I y to the curved 
portion 6b. However, the curved portion of the paper sheet 100 tends 
to rebound in the direction of the imaginary extension of the flat 
port i on 6a due to i ts f I ex i b i I i ty. In add i t i on, when the paper sheet 
100 is nipped at the nip E, the curved portion of the paper sheet 100 
tends to rebound in the direction of a line tangential to the belt 
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6 and roller 21 at the upstream end of the nip E in the direction of 
conveyance. Consequently, part of the paper sheet 100 around the 
inlet of the nip E is biased away from the belt 6. 

Further, the speed at which the paper sheet 100 is conveyed 
5 via the nip E is usual ly lower than the speed at which it is conveyed 
by the registration rol ler pair. Therefore, when the paper sheet 10 
is caused to slowly warp upward at the position upstream of the nip 
E while being conveyed, the paper sheet 100 bends around the inlet 
of the nip due to the above-described tendency to rebound, as shown 

10 in FIG. 1. As a result, the enti re paper sheet 100 i s s lowl y deformed 
in the form of a letter S and is not always complementary in shape 
to the belt 6. A smal I gap G therefore appears between the belt 6 
and the paper sheet 100 in a pretransfer region F just short of the 
nip E, so that the paper sheet 100 parts from the belt 6 in the 

15 pretransfer region F. Particularly, when the counter roller 7c is 
positioned vertically above the transfer roller 21, gravity 
aggravates the parting of the paper sheet 100 from the belt 6. 

The second cause relates to a manner in which guide members 
guide the paper sheet 100 to the nip E. FIG. 2 shows the position 

20 of the guide member 22 and the position of a guide member 23. Assume 
a reference I i ne _D (dashed line) connecting the inlet of the nip E 
and the downstream end 23a of the guide member or second guide member 
23 in the direction of conveyance. Then, the guide member or first 
guide member 22 has, a downstream end 22a located at the belt 6 side 

25 with respect to the reference I ine D. In this condition, the paper 
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sheet 10 is ai lowed to move between the guide members 22 and 23 toward 
the nip E in a relatively free position. Specifically, the paper 
sheet 100 enters the nip E in some different positions, depending on 
the thickness and curl of the paper sheet as we I I as a difference in 
conveying speed between the registration rol ter pair, labeled 9, and 
the transfer roller 21. Specific positions of the paper sheet 100 
are indicated by a solid line and a dash-and-dot line in FIG. 2. 

More specif ica I ly, assume that the paper sheet 100 is as high 
in flexibility as a plain paper sheet. Then, the paper sheet 100 
advances along the first guide member 22 toward the nip E in such a 
manner as to rub the downstream end 23a of the second guide member 
23, as indicated by the solid line. The paper sheet 100 then 
substantial ly directly enters the nip E. At this instant, the paper 
sheet 100 contacts one of the belt 6 and transfer roller 21 before 
contacting the other of them. When the paper sheet 100 contacts the 
transfer roller 21 first, it is spaced from the belt 6 in the 
pretransfer region F. Which of the belt 6 and transfer rol ler 21 the 
paper sheet 100 contacts first is dependent on delicate conditions 
including the thickness and the degree of curl of the paper sheet 100. 
It is therefore extremely I ike I y that the paper sheet 100 contacts 
the transfer rol ler 21 first and then enters the nip E and is therefore 
spaced from the belt 6 in the pretransfer region F. 

On the other hand, when the paper sheet 100 is as low in 
TreTrb"iTity~as a thick paper sheet, it enters the nip E along the flat 
portion 6a of the belt 6, FIG. 1, as indicated by the dash-and-dot 
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line. In this case, the paper sheet 100 bends around the inlet of 
the n i p E, as stated ear I i er i n re I at i on to the f i r st cause. The bend 
of the paper sheet 100 increases with an increase in the distance 
between the position where the leading edge of the paper sheet 100 
contacts the flat portion 6a and the inlet of the nip E. While such 
a bend of the paper sheet 100 occurs between the regi strat ion rol ler 
pair 9 and the nip E, the bend is likely to occur even in the 
pretransfer region F and cause the paper sheet 100 to part from the 
belt 6. 

The two causes described above also hold even when the image 
carrier is implemented as, e.g., a drum. 

Preferred embodiments of the present invention capable of 
solving the problems discussed above wi I I be described hereinafter. 

First Embodiment 

An i mage f ormi ng apparatus embody i ng the present i nvent i on and 
i mp I emented as a f u II -co I or cop i er by way of examp I e w i I I be descr i bed 
with reference to FIG. 3. As shown, the copier, generally!, includes 
an intermediate transfer belt or image carrier (simply belt 
hereinafter) 6. When a sensor, not shown, senses a mark formed in 
a non- image area of the belt 6, an image forming process begins. In 
the case of a monochromatic image, the image forming process may begin 
without the sensor sensing the mark formed on the belt 6. Whi le a 
photoconduct i ve drum or image carrier (simply drum hereinafter) 10 
is driven to rotate in a direction indicated by an arrow A, a charger 
or charging unit 2 uniformly charges the surface of the drum 10. A 
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laser optics 3 scans the charged surface of the drum 10 with a laser 
beam in accordance with image data via a mirror 3a. As a result, a 
latent image is electrostatically formed on the drum 10. 

Specifically, a scanner or image reading unit 4 reads a 
5 document and outputs the resulting image data. The image data is 
subjected to adequate image processing. The image data are 
color-by-color image data produced by separat ing a desi red ful l-color 
image into yellow, magenta, cyan and black color data. A revolver 
type developing unit 5 develops the latent image formed on the drum 

10 10 with corresponding one of ye I low, magenta, cyan and black toner, 
thereby producing a corresponding toner image on the drum 10. 

The belt 6 is passed over a bias rol ler 7a assigned to primary 
transfer, a plurality of rollers 7b, and a counter roller 7c. The 
belt 6 is caused to run in a direction indicated by an arrow B in 

15 synchronism with the rotation of the drum 10. A yel low, a magenta, 
a cyan and a black toner images sequential ly formed on the drum 10 
are sequentially transferred to the belt 6 one above the other, 
completing a ful l-color image on the drum 10 (pr imary transfer) . For 
this primary transfer, a preselected bias is applied to the bias 

20 rol ler 7a at the position where the drum 10 and belt 6 contact each 
other. 

A pickup rol ler 8a feeds a paper sheet 100 from a paper cassette 
8 to a registration rol ler pair 9. The registration rol ler pair 9 
conveys the paper sheet 100 at a preselected timing, so that the 
25 full-color image is transferred from the belt 6 to the paper sheet 
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100. More specifically, the paper sheet 100 driven by the 
registration roller pair 9 passes through a gap between a first and 
a second guide member 22 and 23, respectively, and then reaches a 
secondary transfer region where the counter rol ler 7c faces a transfer 
rol ler or elastic transfer member 21, which is included in a secondary 
transfer unit 20. A cam 20a causes the secondary transfer unit 20 
to selectively move into or out of contact with the belt 6 at a 
preselected timing. The transfer roller 21 is brought into contact 
with the belt 6 via the paper sheet .100. at the time when the paper 
sheet V00 enters the secondary transfer region. Positioning means, 
not shown, included in an intermediate transfer unit maintains the 
transfer roller 21 parallel to the counter roller 7c. 

When the transfer roller 21 contacts the belt 6, the roller 
21 forms a nip between it and part of the belt 6 passed over the counter 
roller 7c. A positioning roller, not shown, associated with the 
transfer ro I I er 21 ma i nta i ns the pressure between the transfer ro I ler 
21 and the belt 6 constant. A bias for secondary image transfer, 
which is opposite in polar ity to the toner, is appl ied to the transfer 
rol ler 21 in order to transfer the ful l-color image from the belt 6 
to the paper sheet 100 at the above nip (secondary transfer). A 
conveyor belt 16 conveys the paper sheet 100 carrying the toner image 
thereon to a fixing unit 11. After the fixing unit 11 has fixed the 
toner image on the paper sheet 100, the paper sheet or copy 100 is 
driven out of the copier body. 

A drum cleaning unit 12 removes the toner left on the drum 10 
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after the primary transfer of the full-color image to the belt 6. 
thereby preparing the drum for the next image formation. Likewise, 
a belt cleaning unit 13 adjoins the belt 6 and removes the toner left 
on the belt 6 after the secondary transfer of the full-color image 
to the paper sheet 100. A cam 13a causes the belt cleaning unit 13 
to selectively move into and out of contact with the belt 6 at a 
preselected timing. 

FIG. 4 shows the arrangement of the guide members 22 and 23 
in detail that is the characteristic feature of the illustrative 
embodiment. As shown, the guide members 22 and 23 guide the paper 
sheet 100 coming out of the registration roller pair 9. More 
specif ical ly, the guide members 22 and 23 respectively guide one side 
of the paper sheet 100 expected to carry the toner image and the other 
side of the same. Assume a I ine C (dash-and-dot I ine) connecting a 
restriction point 22a included in the first guide member 22 and the 
inlet of a nip between the transfer rol ler 21 and the belt 6. Then, 
the second guide member 23 has an end or restriction point 23a located 
at the belt 6 side with respect to the ! ine C. When the paper sheet 
100 enters the above nip via the gap between the two guide members 
22 and 23, the restriction point 23a of the guide member 23 forces 
part of the paper sheet 10 positioned between the guide members 22 
and 23 toward the belt 6. As a result, the inlet of the nip, the 
restriction point 22a of the guide member 22 and the rest r ict ion point 
23a of the guide member 23 cooperate to make the paper sheet 100 convex 
toward the belt 6. 
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In the above condition, a force forcing the paper sheet 100 
against the belt 6 acts around the nip with the end 23a of the guide 
member 23 serving as a fulcrum. Consequently, forces tending to 
release the paper sheet 100 from the belt 6 are suppressed. That is, 
the paper sheet 100 is prevented from parting from the belt 6 in the 
pretransfer region. 

When the paper sheet 10 is deformed, as stated above, contact 
resistance between the guide members 22 and 23 and the paper sheet 
1 00 exerts res i stance to the movement of the paper sheet 100. I n th i s 
sense, the guide members 22 and 23 play the role of movement res i stance 
members. The contact res i stance successfu I ly causes the paper sheet 
100 to stretch between the inlet of the nip and the end 23a of the 
guide member 23 and closely contact the belt 6. The paper sheet 100, 
however, intensifies the above contact res i stance if bent excessively, 
deteriorating the conveyance of the paper sheet 100. As a result, 
at the moment when the trai I ing edge of the paper sheet 100 leaves 
the regi strati on rol ler pai r 9, the conveying force sharply decreases 
because the conveying force of the registration roller 9 is not 
avai I able. Consequently, at the above moment, the toner image being 
transferred to the paper sheet 100 is dislocated, extended or 
otherwise made defective. When the conveyance is further 
deteriorated, it is likely that the paper sheet 100 is practically 
brought to a stop. This is particularly true when the paper sheet 
100 is a postcard or similar relatively thick paper sheet. 

I n I i ght of the above, i n the i I I ustrat i ve embod iment, the I i ne 
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C and a reference l ine D (dashed I i ne) , which connects the end 23a 
of the guide member 23 and the inlet of the nip. make an angle 6 of 
10° therebetween. By so arranging the two guide members 22 and 23, 
it is possible to maintain even a postcard or simi lar paper sheet 100 
in close contact wi.th the belt 6 in the pretransfer region while 
lowering the contact resistance between the two guide members 22 and 
23 and the paper sheet 100. The paper sheet 100 can therefore be 
adequately conveyed. When the angle 6 is between 0° and 25°, the 
force acting on the paper sheet 100 and derived from the contact 
resistance can be smaller than the frictional force acting between 
the transfer roller 21 and belt 6 and the paper sheet 100. This 
further promotes the adequate conveyance of the paper sheet 100. 

In the illustrative embodiment, the counter roller 7c and 
transfer rol ler 21 have the same diameter of 30 mm. It fol lows that 
the belt 6 has a radius of curvature of about 15 mm, as measured at 
the nip. It has heretofore been difficult to provide the counter 
roller 7c with a diameter of 40 mm or less from the pretransfer 
prevention standpoint. By contrast, even the counter rol ler 7 whose 
diameter i s 40 mm or less successfully obviates the scattering of 
toner on the paper sheet 100 because the paper sheet 100 closely 
contacts the belt 6 in the pretransfer region. 

In the i I lustrative embodiment, the paper sheet 100 del ivered 
from the registration rol ler pair 9 contacts the first guide member 
22, advances along the surface of the guide member 22, and th n 
contacts the belt 6 at a point spaced from the inlet of the nip by 
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5 mm. The guide member 22 has a body portion implemented by an 
aluminum sheet and is fixed in place at its upstream end in the 
di rect ion of conveyance. Therefore, ne i ther the body port ion nor the 
restriction point 22a of the guide member is displaced during the 
conveyance of the paper sheet 100. The guide member 22 can therefore 
guide the paper sheet .100 to the nip via substantial ly the same route 
without regard to the kind of the paper sheet 100. 

In the i I lustrative embodiment, the paper sheet 100 is brought 
into contact with the belt 6 at a point spaced from the inlet of the 
nip by 5 mm. However, the close contact of the paper sheet 100 with 
the belt 6 in the pretransfer region is achievable only if the above 
distance lies in the range of from 3 mm to 30 mm. If the distance 
is smal ler than 3 mm, it is extremely I ikely that the paper sheet 100 
contacts the transfer roller 21 before the belt 6 due to irregularity 
in the substantial contact position, which is ascribable to, e. g. . 
the curl of the paper sheet 100, resulting in pretransfer. On the 
other hand, if the distance is greater than 30 mm, it is necessary 
to locate the end 23a of the second guide member 23 remoter from the 
nip. This makes it more probable that the paper sheet 100 again parts 
from the belt 6 at a position downstream of the end 23a of the guide 
member 23. To sufficiently reduce the above probability, the 
distance should preferably be between 5 mm and 20 mm. 

In the i I lustrative embodiment, the paper sheet 100 bends in 
the convex configuration in such a manner as to push the end 23a of 
the second guide member 23 upward or to push the restriction point 
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22a of the first guide member 22 downward. Assume that the first 
guide member 22 is implemented only by an aluminum sheet. Then, at 
the moment when the trai I ing edge of the paper sheet 100 leaves the 
guide member 22, the paper sheet 100 releases its restoring force 
stored due to the bend. As a result, the trai ! ing edge of the paper 
sheet 100 vibrates and adversely effects the close contact and image 
transfer in the pretransfer region. 

FIG; 5 shows an implementation for obviating the above adverse 
effect of the paper sheet 100 and unique to the i I I ustrat i ve 
embodiment. As shown, the first guide plate 22 has a free end 22b 
implemented as an elastic movable member formed of polyethylene 
terephthalate. The end 22b protrudes from the body portion of the 
gu i de member 22 by 6 mm and is 1 25 ju m th i ck. When the tr a i I i ng edge 
of the paper sheet 100 leaves the guide member 22, the end 22b of the 
guide member 22 elastically deforms and allows the paper sheet 100 
to leave the guide member 22 around the reference I ine D, thereby 
obviating the vibration of the paper sheet 100. 

As stated above, the i I I ustrat ive embodiment ai lows the paper 
sheet 100 to closely contact the belt 6 in the pretransfer region 
without regard to the kind of the paper sheet 100, while insuring 
adequate conveyance. The paper sheet 100 is therefore free from 
pretransfer, i.e., the blur of a toner image ascribable to the 
scattering of the toner. 

Whi le the foregoing description has concentrated on an image 
carrier i n the form of an i ntermed i ate transfer body, the illustrative 
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embodiment is similarly practicable when a toner image is directly 
transferred from the drum 10 to the paper sheet 100. The aluminum 
sheet, forming the body portion of the first guide member 22. may be 
replaced with any other suitable material so long as it does not move 
even when a thick paper sheet or similar paper sheet with low 
flexibility is conveyed. Likewise, polyethylene terephtha I ate, 
forming the end 22b of the guide member 22, may be replaced with any 
other suitable mater ial so long as it isdeformable i n accordance with 
the bend of the paper sheet 100. 

Second Embodiment 

An alternative embodiment of the image forming apparatus in 
accordance with the present invention will be described with 
reference to FIG. 6. Again, the image forming apparatus is 
implemented as a full-color copier. As shown, the copier also 
includes the drum 10, belt 6, secondary transfer unit 20, and 
registration roller pair 9 that forms part of a registering section 
14. The paper sheet 100 fed from the paper feedi ng sect ion, not shown, 
is conveyed via the registering section 14 to the nip or transfer 
region where the belt 6 and rol ler 21 contact each other. After the 
image transfer from the belt 6 to the paper sheet 100 effected at the 
above nip. a discharger 15 separates the paper sheet 100 from the belt 
6. Subsequently, the fixing unit, not shown, f i xes the toner image 
on the paper sheet 100. 

In the illustrative embodiment, the belt 6 is 150 thick 
and formed of , e.g., PVDF (po I yv i ny I i dene f I uor i de) . The belt 6 has 
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a volume resistivity of 10 8 Qcm to 10" Qcm and a surface resistivity 
of 10 6 Qcm to 10 H Qcm. The volume resistivity was measured by a 
method prescr ibed by J IS (Japanese Industrial Standards) K691 1 at 100 
V for 10 seconds while the surface resistivity was measured by 
Hyrester available from Mitsubishi Kagaku at 500 V for 10 seconds. 

A rotatable roller or pressing member 30 is positioned 
upstream of and in the vicinity of the nip in the direction of 
conveyance, play ing the role of a contact assist ing member. Amoving 
device, not shown, selectively moves the roller 30 into or out of 
contact with the belt 6. The rol ler 30, when in contact with the be It 
6, is driven when the leading edge of the paper sheet 100 arrives the 
rol ler 30, pressing the paper sheet 100 against the belt 6. As soon 
as the trai I ing edge of the paper sheet 100 leaves the pressing point, 
the roller 30 is released from the belt 6. 

As shown in FIG. 7, when the regi st rat ion rol ler pa i r 9 conveys 
the paper sheet 100 toward the nip E, the leading edge of the paper 
sheet 100 is guided by the first guide member 22 and abuts against 
the belt 6 at a point slightly upstream of the roller 30 in the 
direction of conveyance. The leading edge of the paper sheet 100 is 
then nipped by the rol ler 30 and the belt 6 at the time when it enters 
the pressing position assigned to the roller 30. The pressing 
position is located in a portion where the paper sheet 100 nipped at 
the nip E bends in a convex configuration due to the conveying force 
of the registration rol ler pa i r 9 and tends to part from the belt 6 
due to its rebound. In this condition, no gap appears in the 
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pretransfer region just short of the nip E, so that the toner is 
prevented from being scattered. 

The rol ler 20 has an axial length as great as the entire width 
of the belt 6 and can therefore press the paper sheet 100 over the 
entire range of the paper sheet 100 in the direction perpendicular 
to the direction of conveyance. The roller 20 is therefore capab I e 
of dealing with paper sheets of various sizes, i.e., from extended 
size A3 to postcard size. 

The surface of the roller 30 is formed of rubber or similar 
high-friction material capable of gripping the paper sheet 100. The 
rol ler 30 is therefore caused to rotate by the paper sheet 100 being 
conveyed. Therefore, the roller 30, following the movement of the 
paper sheet 100, exerts frictional resistance to the movement of the 
paper sheet 100. The f r i ct i ona I resistance causes part of the paper 
sheet TOO between the nip E and the rol ler 30 to stretch and closely 
contact the belt 6 in the pretransfer region. 

If desired, the roller 30 may be driven by a drive source to 
rotate in such a manner as to move In the same direction as the paper 
sheet 100, as seen at the pos i t i on where the former contacts the I atter. 

In this case, assuming that the belt 6 and rol ler 30 have peripheral 

< 

speeds of V, and V 2> respectively, then there should preferably hold 
a relation of V, > V 2 . When the peripheral speed V 2 is lower than the 
peripheral speed V,, it is generally desirable that the difference 
(or ratio) in peripheral speed be small enough to have no influence 
on image transfer in order to ach i eve both of des i rab le image transfer 
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and desirable contact. For this purpose, the surface of the rol ler 
30 should preferably move in the same direction as the paper sheet 
100. This causes the paper sheet 100 to stretch to an adequate degree 
that implements both of desirable contact and desirable conveyance. 
I n the case where one of the paper sheet 1 00 and the ro I I er 30 is formed 
of a material difficult to gr ip the other, the rol ler 30 may be driven 
to rotate in the direction opposite to the direction of movement of 
the paper sheet 100. 

The resistance to the movement of the paper sheet 100 depends 
on the material forming the surface of the roller 30 and the 
composition of the paper sheet 100. In I ight of this, a control ler, 
not shown, may control the speed at which the surface of the rol ler 
30 moves. For example, the roller 30 may be connected to a drive 
source that is, in turn, controlled by the controller. This 
configuration allows the peripheral speed of the roller 30 to be 
adequately controlled in accordance with the kind of the paper sheet 
100, exerting stable resistance to the movement of the paper sheet 
100. It fol lows that constant, close contact is achievable without 
regard to the kind of the paper sheet 100. 

Further, the rol ler 30 may be reversibly rotated in accordance 
with the kind of the paper sheet 100, i . e. , a thick or a thick paper 
sheet. In addition, the difference in linear velocity between the 
roller 30 and the belt 6 should preferably be controllable for 
implementing stable, close contact over a broader range of paper 
sheets. 
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FIG. 8 shows a rol ler 130 that is a modified form of the rol ler 
130 and identical in function with the roller 130. The roller 130 
differs from the roller 130 in that it is comparatively short and 
presses the paper sheet 100 against the belt 6 over only part of the 
ent i re w i dth of the be 1 1 6. More spec i f i ca 1 1 y, the roller 1 30 is not 
configured to obviate a smal I gap in the pretransfer region, but is 
configured to stretch the paper sheet 10 with the resistance to the 
movement of the paper sheet 10 and thereby obviate a gap. Whi le the 
roller 130 may have a circular cross-section, it may have a 
semicircular cross-section, as shown i n F I G. 8. The short rol ler 130, 
also playing the role of a contact assisting member, is low cost and 
simple. A plurality of short rollers 130 may be arranged in the 
widthwise direction of the belt 6, if desired. 

While the illustrative embodiment. like the previous 
embodiment, uses the transfer rol ler 21, it is simi lar ly practicable 
with an image forming apparatus of the type using a transfer belt or 
a transfer charger in place of the transfer rol ler 21. 

In any one of the embodiments shown and described, a plural ity 
of rollers 30 or 130 may be arranged in the direction of paper 
conveyance. While the foregoing description has concentrated on a 
copier, the present invention is, of course, appl i cable to any other 
image forming apparatus, e.g., a printer. 

In summary, it wi I I be seen that the present invention provides 
an image forming apparatus, an image transferring device and a 
recording medium conveying method having various unprecedented 
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advantages, as enumerated below. 

(1) An image carrier and a recording medium closely contact 
each other in a pretransfer region, so that pretransfer and therefore 
a defective image is obviated. 

(2) Exist ing guide members are usable and obviate the need for 
extra members, implementing a low cost, space saving configuration. 
While the angles of a first and second guide member with respect to 
the inlet of a nip have heretofore been restricted, the present 
i nv ention is free f row such~a restriction and has a suff i c i ent marg i n 
as to layout. 

(3) The vibration of a recording medium is obviated without 
causing toner on the image carrier to smear the first guide or 
disturbing a toner image on the image carrier. This realizes both 
of stable, close contact of the recording medium in the pretransfer 
region and constant image transfer at the nip. 

(4) The recording medium enters the nip in substantial ly the 
same conf i gurat i on without regard to the k ind thereof, a I so rea I izing 
constant, close contact in the pretransfer region. 

(5) The apparatus is small size and light weight. 

(6) Even if the image carrier has a sma I I radius of curvature, 
close contact in the pretransfer region is achievable without fai I. 

(7) The recording medium surely contacts an intermediate 
transfer body without any gap from a transfer region to the 
pretransfer region upstream of the transfer region in the direction 
of conveyance. Attractive images are therefore easily achievable. 
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(8) The recording medium closely contacts the intermediate 
transfer body over a broad range including the upstream portion of 
the pretransfer region in the direction of medium conveyance. 

(9) The scattering of toner is surely obviated over the entire 
width of the recording medium. 

(10) The warp of the recording medium, which brings about a 
gap in the pretransfer region, is obviated, so that the close contact 
of the recording medium and intermediate transfer body is enhanced. 

(11) A movement resistance member occupies a minimum of space 
in the widthwi se di recti on of the recording medium, further enhanc ing 
space saving. 

(12) Unstable medium conveyance in the transfer region 
ascribable to resistance to movement is suppressed in order to reduce 
the dislocation of a toner image and other troubles. 

(13) Only if the speed at which the surface of a rotary driven 
member moves is control led, adequate resistance to movement necessary 
for maintaining close contact is attained. 

(14) The close contact of the recording medium and 
intermediate transfer body is ma inta ined without regard to the kind 
of the recording medium. 

Var i ous mod i f i cat i ons will become poss i b I e for those sk i I I ed 
in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. 



